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SUMMARY OF FINAL REPORT ON PEBUL 



The objective of the project was to develop a 
method of measuring benefit, to provide criterion 
functions for quantitative planning in university 
libraries . 

The approach chosen was to show what benefit estimates 
lie behind actual qualitative planning decisions and 
to build them into exact planning models. 

The method developed can be applied in assessing 
social or "intangible" benefits in any situation 
for which a planning model can be built lacking 
only a benefit criterion. It works backwards 
from the policies adopted to the criteria that must 
have been implicit in choosing them. _ Once the 
criteria are found, they can be used in forward 
planning. The benefit analysis method may thus be 
described as the " inversion of acriteric models . " 

The model-building and inversion process has been 
carried to field trial stage for a medium-term 
linear programming model of resource allocation 
within the university library, and to dummy run 
stage for a psychological model of the decision 
process lying behind the behaviour of a library 
user . 

The first results of the inversion of the resource- 
al location model were that the library managers in 
Durham University in Summer 1968 behaved as if 1 
item of new stock added to the library was worth 
the same as 4.6 items on inter-library loan from 
elsewhere or 1300 hours spent by users in consulting 
material in - the library or 90 items on long loan 
or 200 items on short loan or 3.3 hours spent by 
senior librarians in advising users or 9.1 hours 
spent by junior librarians in advising users. 

Extensive surveys of library use and users have been 
carried out m the Universities of Durham and Newcastle- 
upon-Tyne, placing particular reliance on the "instant 
diary" method developed by the PEBUL team. The 
data, which has been analysed in various ways for 
the purposes of the project, forms one of the most 
complete sets of facts on library use ever assembled 
and is available for further analysis for other 
purpose s . 

An experimental Current Awareness Service was provided 
for two years for social scientists in Durham to 
investigate the effects on their behaviour and 
attitudes of the provision of new facilities, and 
resulted in definite pressure for further provision 
of such services. 

The main conclusion of the study is that benefits 
from libraries can be measured by observing users' 
behaviour and librarians' decisions, so that the 
exact techniques of modern management can be applied, 
while preserving the value scales evolved qualitatively 
through experience and insight. 
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PREFACE 



This is the final report on the Project for Evalua- 
ting the Benefits from University Libraries (PEBUL), 
carried out at the University of Durham v/ith the 
financial support of the Office for Scientific and 
Technical Information (OSTI) from 1 October 1966 
to 31 July 1969. 

The Principal Investigators were John Hawgood B A, D Phil, 
Director of the University of Durham Computer Unit, 
Richard Morley B Sc (Econ) , Lecturer in Economics 
in the University of Durham, and for the academic 
year 1967-68, Maurice B Line M A, F . L A, then Deputy 
Librarian of Newcastle University and now .Librarian 
of Bath University of Tehnology. The project 
starred as a result of the interest of Richard Morley 
in Welfare Economics (particularly as applied to 
education) and in the application of linear programming , 
and the interest of John Hawgood in operational 
research in non-commercial situations, catalysed by 
a suggestion from a member of the organisation later 
known as OSTI that libraries would be a good subject 
for economic and operational research investigation. 

It soon became clear that a major obstacle to exact 
study of libraries was the absence of quantitative 
criteria for achievement, and the rest of our work 
has sprung from this. The OSTI grants (SI/26/13) 
totalling £14,527 -supported a multi-disciplinary 
Team of varying composition, the only member who 
served throughout being Lt Col W E M Morris, B A, 

F I W M, who organised all the surveys, wrote many 
of the reports and coordinated all the work of the 
team. From March 1967 Mrs Jean Hopkins B A (Econ) 
was Information Officer providing and evaluating 
the Current Awareness Service, and from 1 January 1968 
H G Ford .B Sc, Dip Lib, ALA, F G S, provided full- 
time library expertise and did much of the model- 
building. Other members of the research team were 
R N Oddy B A, (1966-67), Mrs K V Romain B A, M L S, 

(1967), B Bennetto B Sc (1968) and Mrs G E Wenban-Smith 
(1968). Secretarial work was done by Mrs J Jobling 
and Mrs B Butcher, and card punching by Mrs F Smith 
and Mrs V Wilson. We wish to express our heartfelt 
thanks to all of these for their help, without 
which the project could not have been carried out. 

Our choice of the University Library as the particular 
type of library to study, and of Durham in particular, 
was then an obvious one, given the friendly relations 
we enjoyed with the library staff (remarkably, we 
still do) and their willingness to give us the 
benefit of their enormous combined erudition, 
experience, and originality. We are most grateful 
to the whole staff of Durham University Library, 
in particular to Miss A M McAulay (Librarian), 

Mr I J C Foster (Keeper of Oriental Books), Dr A I 
Doyle (Keeper of Rare Books) and Mr B Woodward 
(Keeper of Science Books). Also we should like 
to thank the staff of Newcastle University Library, 
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particularly Dr W S Mitchell (Librarian) and Mr A F. 
Jeffreys (Chief Cataloguer) , for their cooperation. 
We have also received much help in our surveys from 
members of staj i and students in both universities; 
they are too numerous to name hut we thank them all 
most warmly . 

Much help came through contacts both formal and 
informal with others working in the field, particu- 
larly Michael Buckland and Ian Woodburn at Lancaster 
University, W L Saunders and Miss J E Friedman at 
Sheffield University, VJ B Easterfield of the 
Ministry of Technology and Brian Perry and David May 
of OSTI; we are most grateful to them. 

Responsibility for this report is collective, but 
particular team members have written particular 
chapters as indicated in the Contents list, Vic 
hope the Report is complete enough in itself to 
inform those new to our work about it, but will be 
g.lad to provide further details, or facilities for 
doing further analyses of our data, to anyone 
interested . 



John Hawgood 
Richard Morley 



October 1969 



CHAPTER 1 



1 : 1 



INTRODUCTION 



When this project started the problem of univer- 
sity libraries Was in the minds of many people. 

On the one hand, many librarians were busy 
improving their libraries and had good reasons 
why other apparent improvements would in practice 
make matters worse. On the other hand, many 
users were dissatisfied with the rate of improve- 
ment. Further questioning of users resulted 
in the traditional dialogues "I cannot get what 
I want from the library because it is inef f icient , ,f 
"Yes, but how do you know the library is ineffi- 
cient?” "Because I cannot get what I want-" 

Efficiency is a nebulous concept except in the 
simplest types of productive enterprises. In 
any event it depends upon a clear understanding 
of what is being produced, how this production 
can be measured, and what the value of the produc- 
tion is, In this project we addressed ourselves 
to answering these three questions. It can be 
described as a logical sequence of three phases 
with progessively narrowing focus: 

1 The development of a general approach to the 
measurement of benefits through the construc- 
tion of planning models 

2 The construction of computer models relevant 
to planning problems in the university 
library field 

3 The gathering of relevant data for calibration 

of the models to apply to particular universities 

As the historical account in Chapter 9 shows, these 
threads were interwoven throughout the course of 
our research, but for this Final Report we have 
followed the logical rather than the chronological 
sequence. 

The structure of the Report is therefore as 
follows: we start with an introduction to our 

approach to benefit analysis. In the later part 
of this chapter*, then follow three chapters 
on our models and the economic technical and 
psychological factors involved in building them; 
in Chapters 5 to 8 we give an account of our 
data-collection activities, including the experi- 
mental Current Awareness Service used to study 
the adaptation of users to new facilities; the 
main text is concluded by the historical review 
and some suggestions in Chapter 10 about possible 
future extensions of our work, A number of 
appendices contain matter addressed principally 
to those with special interests in operational 
research, librarianship or economics- 
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The remainder of this chapter is concerned with 
the use of models in planning and our 11 inver- 
sion” technique enabling them to be used for 
benefit analysis- 

M ode Is with criteria' In 'forward' planning 

Because it is impossible to cater for every 
eventuality all managers must use simplified 
models of real situations when making decisions 
about the allocation of resources or the 
scheduling of activities- The transition 
from simple model to complex reality is analo- 
gous to the transition from the "broad-brush" 
concerns of top management to the ”nuts-and- 
bolts" concerns of lower management- Usually 
the model exists only in the manager’s mind, 
though he may commit part of it to paper or use 
it as the basis of a computer program* As 
part of the model, he needs a criterion by 
which he can choose between the alternatives 
he is considering , This criterion may be 
explicit and quantitative ("maximise the profit") 
but even in commerce it is likely to be partly 
subjective or implicit because of multiple 
objectives or "intangible" benefits In non- 
commercial situations it is rare for the manager 
to have a quantitative objective function to 
maximise; he may have been assigned a target 
to be attained at minimum cost, but usually there 
is no way of measuring the comparative value 
of different possible objectives 

It is therefore likely that the criterion for 
forward planning in a non-commercial situation 
is qualitative; this does not mean it does not 
lead to good planning, but it does mean that 
there is a difficulty in exact definition and 
communication of the criterion. No two people can 
be sure they are using the same criterion, and 
there may be a partial loss of effective control 
in the organisation * Communication and construc- 
tive criticism are easier when the criterion is 
explicit and quantitative. 

Models without 1 criteria in b enefit analysis 

We want to quantify and make explicit the qualita- 
tive maximising criterion which the manager uses 
in a non-commercial situation such as the university 
library: our method is to build a planning model 

without a criterion, and apply it retrospectively 
to actual decisions - effectively we run the 
planning machine backwards from decision to 
criterion. We determine what benefit functions 
would have led to the actual decisions if the 
model had been used: the method may be described 

as "benefit analysis by inversion of acriteric 
planning models" , 

For this approach to be valid in the strictest 
sense it is necessary that the actual decisions 
taken were optimal Few managers would claim 
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that every decision they have made was the best 
possible, but we contend that the interaction 
between decisions on resource allocation for 
a current period and decisions on resource 
adjustment for future periods does ensure near- 
optimality in most cases, in the v:ay described 
in the next two paragraphs* and illustrated in 
Appendix 1. 

When a manager in a pure prof it -maximising 
situation uses linear programming to help him 
to determine the deployment of his resources, 
he takes as given both the constraints imposed 
by these resources and the profit function 
which is his criterion- The results of the 
linear programming calculation tell him not 
only how to make the most profit from the 
given resources, but how much extra profit he 
could make followirg small adjustments to 
the resources; such adjustments will normally 
be made for future periods- 

In a non -'commercial situation, the manager has 
resource constraints but usually no explicit 
benefit function He will take his decision 
in the light of his subjective judgment and 
will find that some resources are scarce while 
others will be wasted- In succeeding periods 
he will seek adjustments to his resources or 
his unit costs to keep the balance right, and 
this iterative process causes the operating 
point eventually to be where all the important 
resources are nearly used up- The operation 
becomes "efficient” and the decisions "optimal" 
in the technical sense- 

The optimality, and the existence of a number 
cf decisions taken in similar situations but 
with slightly different resources or costs, make 
possible the inversion of the planning model 
to determine the range of benefit functions 
which would lead to the actual policies, as 
described in Appendix 1 A single inversion 
calculation can seldom yield a unique benefit 
function - almost always there will be a 
considerable range, which may be narrowed by 
considering a number of decisions in similar 
situations - 

Stages in the 'inversion pr oces s 

To summarise and generalise the proposed technique 
for benefit analysis involves the following stages, 
the first four of which have been reached in our 
experiments ; 

1 Choose a planning situation which recurs in 
such a way that the benefit function does 
not change significantly over * re chosen set 
of decisions- 

2 Choose a planning technique which could have been 
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used to aid the responsible manager to 
make decisions if there had been an 
explicit quantified benefit criterion. 

3 Build a planning model realistic enough 
for decisions made with its aid to be 
meaningful in reality, except that it is 
acriteric (lacks a criterion for choice 
of the optimal policy) . 

4 Given a decision made in the real situation, 
and hence its counterpart in the model, 
invert the planning process to discover 
what range of criteria would cause this 
decision to be chosen as the optimum by 

the planning process. 

5 Repeat for the other decisions in the set, 
with any different constraints or costs 
involved, to narrow the range of criteria. 

6 Inform the manager of the result and use 
it in consultation with him to aid his 
current decision-making on similar questions. 
Observe his actual decisions and make a 
revised estimate of the criterion accordingly. 

7 Continue until convergence is obtained so 
that the manager can confidently use the 
model with its criterion to aid him. 

When this last stage is reached we will have 
provided a tool useful to the manager both in 
decision-making and in communication to his 
successor or others in the organisation. Even 
at the penultimate stage we should be helping 
the decision-making process by providing extra 
information to the manager, though he will not 
yet feel able to use the choices of the model 
in a routine way. 

A model for medium-term planning in the University 
Library 



We have built a linear-programming model for the 
allocation of resources in university libraries 
over periods of up to a year, and have carried 
the process outlined above as far as Stage 4, 
for the relevant policy adopted in Durham Univer- 
sity Library in the Summer Term of 1968, provi- 
sionally describing one benefit function, consistent 
with the policy, as 11 the 11 benefit function in 
dialogue with the librarians. We have carried 
through a certain number of trials with hypothetical 
changed circumstances to see what decisions would 
be produced by the use of this benefit function. 

The most illuminating results are not so much the 
resource allocations suggested by the calculation 
as the highlighting of certain actual or potential 
bottlenecks in the system and the quantification of 
the benefit" to be obtained by removing them. 
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Chapter 2 describes the resources and activities 
taken into account in the rcodel, and some 
costing by-products; Chapter 3 shows how the. 
model can be used for planning once the benefit 
function is agreed, how we established our trial 
function by marginal cost considerations, and 
how to interpret the results of a number ol 
computer runs with different parameters. Another 
description from a rather different viewpoint 
is given in Appendix 6, which takes the form 
of a ''Prospectus" addressed to University Librarians 
Appendices 7 , 3 and 4 elaborate parts of the 

discussion in Chapter 3 in relation to the 
necessary bookstock, to the problem of weeding 
it and to considerations of welfare economics, 
respectively . 

The methods used to collect the library use data 
required to calibrate the model are described 
in Chapters 5 and 6 and in Appendix 7, and a 
selection of th analysed results are discussed 
in Chapter 8 ar .ppendix 8. 

Work with this model continues, and we hope to 
carry through Stages 5, 6 and perhaps even 7 
over the next year. or so in Durham and possibly 
elsewhere, as outlined in Chapter 10. 

A model of a library user's self-scheduling 
process 

We have also built a dynamic simulation model of 
the psychological decision-making processes 
involved in the choice by an undergraduate of 
his place of work for untimetabled hours. The 
computer program for a simple version of the 
model has been written and tested with some 
made-up data as far as Stage 4; the concepts 
involved and the trial results are discussed in 
Chapter 4, and possible extensions in Chapter 10. 

The object of constructing this type of model 
in addition to that relating to librarians' 
decisions is chiefly to aid in longer-term planning 
though librarians are well aware of the impact of 
users' choices in the short run and can predict 
reliably for the medium-term, it is very difficult 
for them to guess at the reactions of users to 
drastic changes in buildings or facilities. For 
such "strategic" planning we need information about 
the real value of information to an individual and 
about his view of the value of his own time, which 
can be deduced from his behaviour as compared to 
that of a computer simulation in which these 
values and costs are made explicit. We also need 
pointers to changes in behaviour as facilities 
change, which requiresobservat ion during real 
changes as well as computer simulation of the 
adaptation process. 

Chapter 7 describes our attempt to observe users' 
reactions to a new facility - a Current Awareness 
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Service that we provided for two years for a 
small group of social scientists. As well 
as being a study of the first stages of 
"conditioning", it provided considerable informa- 
tion on the ways of providing such a service 
and the costs involved. Again, Chapters 6 
and 8 describe collection of data for cali- 
bration of the model and selected results of 
analyses , 

Conclusion 



The basic aim of the Project for Evaluating 
the Benefits from University Libraries was to 
develop a method for carrying out such evaluations 
this we consider has been achieved as far as the 
general principle is concerned by our origination 
and trial application of the concept of the 
’’inversion of acriteric planning models”. To 
tie down some details of the technique, and to 
provide actual results which can be used in 
planning, will require field trials and further 
detailed development of the medium-term resource 
allocation model, and similar further work 
following experimental calibration of the user- 
choice model, as outlined in Chapter 10. 

We have been enormously impressed by the imagina- 
tive, flexible and outward-looking approach to 
problems of library management achieved by 
university librarians - far transcending the 
stereotyped image of the ’’scholarly custodian”. 

In suggesting that quantified objectives would 
aid library decision-making we are far from 
advocating the abandonment of the judgement 
and skill that now guide the process. On the 
contrary, we hope that the application of our 
methods will enable the best of the old techniques 
to be complemented and supported by the best of 
the new. 



CHAPTER 2 



WHAT AND HOW DO U NIVER SITY L I BRA R TTS rriKiljCt:? 

Libraries present two particular , i-^b.lnau to the 
librarian and the economist. Fir>.<, nobody will 
say what precisely libraries are ::;u:>rosv?d to be 
doing. Second, the heterogeneity >J ) 10 book- 
stock and the variety of the Servian snake any 
sort of quantitative approach difficult* Tlie 
two problems are connected: one c.mprt say one 

wants more unless one says more of 

This chapter presents a start at a quant i tat ivo. 
approach by finding numerical relationships 
between the outputs of the library the 

resources available . The qualita*. v.r considera- 
tions are so obvious that we do not think we 
are misleading anybody. The approach allows 
further investigation of a number of management 
problems. As an example, a later suction of 
the chapter shows how the resulting d<v*a can be 
used for comparative costings. 

The Activities of the Library 

The activities of the library can be. divided con- 
veniently into two types, final and intermediate. 
Final activities are those which arc of direct 
benefit to the community served. They consist 
of activities such as making information available 
to users in a variety of ways (books on long or 
short loan, photocopies of pages, direct answer's 
to reference queries, etc.), "preserving the 
cultural heritage” (rare books and manuscripts , 
etc.), anticipating future needs (increasing the 
book-stock) , building up a collection until it 
becomes of interest to scholars, or contributing 
to the working of the national library system 
(loans, advice, etc.). 

Intermediate activities are those which are not 
of direct benefit to users, although they may be 
an essential part of the production of the final 
activities. Book-binding, maintaining the build- 
ing and equipment and such would be intermediate 
activities. An important intermediate activity 
is the training of junior librarians in skills 
which are useful to the specific library. (General 
training, of use in any library, is in a sense a 
final activity although it benefits the wider 
community served by the national library system. 

We are assuming that most training on the job is 
specific . ) 

Here we are concerned only with final activities. 

For example, cataloguing is treated as part of 
the activity "increasing the book-stock", a part 
of the process between selecting the book for 
ordering and getting it on to the shelf. This 
is because the catalogue is used mainly as a finding 
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list. If users came to the library solely to con- 
sult the 'catalogue, this consultation would be a 
final activity. Since they use the catalogue to 
find a book which they then consult, it seems more 
reasonable to treat the consultation of the book 
as the activity rather than the consultation of 
the catalogue. 

(If the university were a market economy instead 
of a socialist one, the final activities would be 
those for which a price could be charged to users. 

They do not include long-term planning, personnel 
management, or maintenance. The library f s publi- 
cations are not included either, as their main 
object is to promote library use over a long period) . 

We consider that the following is a complete list of 
all the final activities of the library: a bold 

statement made for the purposes of debate. The 
list emphasises the warehousing activities of the 
library, but user services are included and will 
be elaborated upon in a later chapter. 

1, Increasing the book-stock of the library. This 
can be measured in units of ’’accession numbers per 
period of time”. If we take the time period as 
a term, we can consider this activity to be increas- 
ing next period's resources, because at most uni- 
versity libraries the period between ordering and 
shelving a book is several weeks. (A description 
of the annual cycle of use will be given in a 
later chapter, after we have found out what is worth 
de scribing) . 

‘2, Obtaining inter-library loans. In part, this 
is a substitute for activity (1). Some books, 
such as textbooks on a reading list, will be required 
certainly many times a year. Some books might 
not be required immediately but look like becoming 
major reference works and so are bought as part 
of an insurance policy, to insure against disappoint- 
ment by users in the future. On the other hand, 
inter-library loans are certainly cheaper and often 
quicker than book purchases. (A comparison of 
the costs of the two activities is given in a later 
section ) . 

3. Providing inter-library loans to other libraries. 
The majority of loan's are arranged between libraries. 
Even of those handled by NCL only a fifth are from 
NCL stock. This activity makes (2) viable. (Filon 
and Gibb, 1966.) Activities (2) and (3) can be 
measured as number of items per term. 

4. Using library material inside the library.’ This 
is measured in hours spent by users inside the library 
user-hours. We exclude from this activity the 

use of the short loan collection, and we avoid- con- 
fusion with the use of the library simply as a place 
to work (see below). 

5. Lending books on long loan. 




lo 



Since the loan 



2 . 3 

system guarantees a fortnight loan period, after 
which the book may be recalled, we measure this 
m book-fortnights, (The peculiar units of measure- 
ment are designed to enable us to find out what 
resources are needed for each activity. We hope 
this becomes clearer as we go along) . 

6. Lending short-loan books, measured in book- 
periods, where a period is half a day. 

7, Providing a place to work without using 
library materials. In Durham and Newcastle 50- 
60% of all visits to the library are just to find 
a place to work . Even one-third of the non- 
university users visit the library for this 
purpose (not only m Durham and Newcastle, but also 
in Sydney) . Since such users tend to stay longer 
than others, perhaps three-quarters of the users 

in the library at any one time are not using 
library material at all. 

This is, of course, an extremely important activity. 
However, cheap substitutes can be found, for example 
by leaving a nearby lecture room open and heated. 

If short-loan collections expand and become popular, 
this substitute may have to be used when a shortage 
of seating develops. The substitution is not 
perfect: many people worK m the library in case 

they need to use some of the book-stock (e.g. con- 
sulting a dictionary when translating). There 
is also a certain ambience about a library that 
appeals to many users. The level of the activity 
is measured in user-hours. 

8c Photocopying. This is an activity which is 
complementary to other activities: it enhances 

the value of the book-stock to the user. The 
level of this activity is measured in units of 100 
items phot ocopie d , 

9. Providing the services from specialised equip- 
ment, such as micro-copy readers or teaching machines 
The level of the activity is measured in terms of 
the hours for which the machines are used. 

10. User-services from junior librarians. "Where 
is the economics collection, the catalogue, the 
loo, the bibliographies, this book, the stairs, 

the way-out?’ 1 and all those questions caused by 
bad signposting or because many of us do not notice 
signs, plus many types of advice on form-filling. 

As with all servicing (solicitors, doctors, HP’s, 
lecturers), the measurement of output is skirted 
around by measuring input: man-hours spent on user- 

service s , 

11. User-services from senior librarians, "Your 
research project has already been done twice, you 
know. 1 ’ "I expect you’ve seen this, but since it 
happens to be exactly what you want, I thought • 1 1 d 
bring it to your attention, just in case., 17 "Not 
more people doing research on libraries!" In many 
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libraries this ^service may extend to book selection, 
compiling bibliographies, literature searches, advice 
on students 1 reading lists, and attending Boards 
of Studies, Measurement as for (10), 

The resources' 'o’f' the’ library 

The resources are the labour, buildings and equip- 
ment available n The only resources listed here 
are those which are relevant to the production of 
the final activities f Thus executive labour used 
for long-term planning and personnel management 
is ignored,, 

In the short run (a term, say), most of the resources 
of the library cannot be varied* Even "unskilled" 
workers develop an expertise specific to the job 
they are in; so hiring and firing In response to 
short-run changes in requirements is not an aid 
to production - quite apart from labour relations. 
Over a slightly longer period (a year, say), the 
labour force can be varied, but we concentrate 
for the moment on the short run* This allows us 
to treat all resources as fixed* 

We consider the following to be a complete list 
of the resources relevant to the final activities. 

In many cases a resource implies several others* 

For example a book on the shelf implies the 
shelf as well, but empty shelving must be listed 
separately. Books plus empty shelving plus seats 
Imply most of the library building* 

1. Labour, measured in man-hours available during 
the period, e.g» for a 35g hour week during a 9 
week term, one librarian is available for 9 x 35^ 
man-hours * 

Senior librarians (graduates with additional 

training) 

Middle librarians (senior library assistants) 

Junior librarians 

Clerical 

Porters 

2* Book-stock, measured in books per period of 
time* The actual time period will vary with the 
types of loan system* 

Long loan, in book-f ortnights 

Short loan, in book periods* There are twelve 
book periods in one week 
Reference, in book hours* A finer classifica- 
tion will be necessary for many problems* 

Hera we mean any book confined to the library, 

• hot jtrst major "reference works 'and blblio- 
: graphical tools 

e * g * If the total long loan stock is 10,000, and 
the period is 9 weeks, there are 10,000 x 9 = 45,000 
book fortnights available* 2* 
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Note that we can double the stock of reference 
books either by doubling the number of books or 
by doubling the opening hours. The same applies 
to seats and machines. 

3 . Equipment . 

Seats, in seat-hours 
Machines, in machine -hours 

Empty shelves. These are used up by increasing 
the book-stock, ; The cost of discarding 
unwanted books (Jbout 10/- per title, not 
including the selection of the title) may make 
it cheaper to build new libraries rather than 
weed. At least, that is what we assume here. 

The result is that there is a ratchet effect 
in using up shelf space , so we can ignore the 
time period. (For some comments on weeding, 
see Appendix 3) . 

4. The uncommitted budget. This is the money 
available after the other resources have been paid. 

It seems peculiar to treat money as a fixed resource, 
but this is due to the institutional arrangements 

of the university. In the outside world one can 
sometimes borrow, but in the university there is 
allocation. This allocation is often so detailed 
that the budget becomes just sets of vouchers for 
the purchase of specific items. 

The relationship between resources and activities 

We now have to find how the library uses the resources 
to produce the services (although we stick with 
the operational researcher's jargon and use "activity" 
for the production of a service). 

Some of. the relationships are trivial: it takes 

one hour' of a senior librarian's time to produce 
one hour of user-services from senior librarians. 

ft 

In many cases the relationships are complex. One 
activity may use several resources, and one resource 
may be used for. several different activities. 

These relationships are best put in the form of 
a table, with each row representing a resource 
and’ each column representing an activity. Each 
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Seats, in seat-hours 
Machines, in machine-hours 

Empty shelves. These are used up by increasing 
the book-stock, ; The cost of discarding 
unwanted books (ibout 10/- per title, not 
including the selection of the title) may make 
it cheaper to build new libraries rather than 
weed. At least, that is what we assume here. 

The result is that there is a ratchet effect 
in using up shelf space , so we can ignore the 
time period. (For some comments on weeding, 
see Appendix 3). 

4. The uncommitted budget. This is the money 
available after the other resources have been paid. 

It seems peculiar to treat money as a fixed resource, 
but this is due to the institutional arrangements 
of the university. In the outside world one can 
sometimes borrow, but in the university there is 
allocation. This allocation is often so detailed 
that the budget becomes just sets of vouchers for 
the purchase of specific items. 

The relationship between resources and activities 

We now have to find how the library uses the resources 
to produce the services (although we stick with 
"the operational researcher's jargon and use "activity" 
for the production of a service'. 

Some of the relationships are trivial: it takes 

one hour' of a senior librarian's time to produce 
one hour of user-services from senior librarians. 

« 

In many cases the relationships are complex. One 
activity may use several resources, and one resource 
may be used for several different activities. 

These relationships are best put in the form of 
a table, with each row representing a resource 
and' each column representing an activity. Each 
number shows how many units of that resource (the 
row) are necessary to produce one unit of each 
activity. 

Conceptually this can be viewed as a transformation 
of resources into activities. 
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The following table shows what these coefficients 
were for the Arts/ Social Science library at Durham 
at Easter, 1968. We consider these numbers to be 
accurate to within 2.0%. We also think that they 
reflect current practice in many university libraries, 
and that there is enough constancy over the years 
for such measurements to be worth making. 
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j | i 

increasing next period's resources , 
(accession numbers) 1 * j 

obtaining inter-library jlo^ns j 

(items) • I 

providing inter-library loans I I 

(items) | j | | 

' using library material inside , j 

library (hours) ' j 

long loans (book-fortnights) 
short loans (book -periods , period = 
one-twelfth of a week) 
a place to work (user-hours) 
photocopying (units of 100 sheets) 
user-services by senior librarians 
(man-hours) 

user-services by junior librarians 
(man-hours) 

senior librarians (man-hours) 
middle librarians (main-hours) 
junior librarians (man-hours) 
clerical (man-hours) 
porters (man-hours) 

. money, the uncommitted budget 
book-stock available for long loan 
( book -fort night s ) 
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loan 



SLG book-stock available Cor shot: 

( book - periods ') 

P.5 book -stock available : h’ r.o rer ence 

on 1 y 

St seats (seat -hours) 

Sh empty shelves (feet) 

XerE photocopying equipment i mac hine - 

hours ) 



For example, reading along the E-row, £2 ?w of the 
budget, is used for each unit increase in next 
period's resources (£2 75 is the average price of 
books bought at the Arts /Social Science library, 
it is also the national average for adult non -fiction 
book prices. To this is added the money cost of 
photocopying £0*03); £0 25 is the cost of posting 

back an ILL after it has been obtained (OILL). and 
£0,25 is also the cost of posting off a book supplied 
on request from another library (PILL) For each 
100 sheets of Xeroxing, the library receives 
£2, ,5 and pays out £1-71, leaving £0. ?9 to be added 
to the budget (hence the minus sign') 

Reading down the LL-column, it takes about 0*01 hours 
of a senior librarian’s time to supervise one long 
loan, 0*08 hours of a junior librarian's time, and 
0*002 hours of a porter's time The lean for a 
fortnight uses up 1 book-fortnight of the library’s 
resources of long loan book stock 

An article could be written, and probably has- on 
any one of the figures given here, Thus the first 
three entries in the first column give the labour 
requirements for "cat- and class " together with 
ordering and shelving for one book* The work of 
the NELCG on linking acquisitions ana cataloguing 
data is obviously concentrating on a crucial area- 
(NELCG, 1968 , also Friedman and Jeffreys, 1961* and 
forthcoming ) * 

The large amount of senior librarians' time needed 
for providing an inter-library loan (S,PILL) requires 
some explanation- The average' time for providing 
a loan includes the time spent in writing that an 
item is unobtainable from this library and suggest- 
ing a source from which it might be obtained- 

The relationships for Science are markedly different 
from t.iose for Arts/Social Science Books are 
more expensive, so the call on the uncommitted 
budget made by a book purchase* is greater On 
the other hand* scientists know what they want ; 
this literature is better organised nationally and 
internationally, and many inter-library loan requests 
are for periodical articles which involve lower- 
postage charges. 

For the Science Library the table is as follows-- 
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Comparing the costs of book purchase and inter-library 
loan 



The tables give the requirements for each of these 
activities. Over a period of a year it is possible 
to substitute one resource for another, so money 
costs become relevant. 



Assume that the labour costs are as follows ^ 
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For Arts/Social Science, purchasing a book 
about five times as much as borrowing it* 
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times as much as borrowing it. 

These costings are different from the usual cost 
accountant’s figures because overheads are not 
included (Brutcher et al, 1964). Allocating over- 
heads is a waste of time unless they give informa- 
tion relevant to decisions: mostly the problem 

arises when management is considering what prices 
should be charged. Here the only relevant 
problem is the using up of shelf space . There 
comes a time when the next book purchased involves 
buying a new library to put it in. 

Comment s 

1. If there were less variety between universities 
for routine operations, there would be a saving 
in highly skilled labour because the rules would 
be more widely known and centrally produced aids 
could be used. In a library with open access a 
finding list is essential, and a classification 
scheme enhances the value of the stock. At 
present, in many university libraries, considerable 
skill and judgment are required to ensure that 
the catalogues are maintained at the existing 
levels of accuracy and complexity, although, in 
general, it is not known how much or little infor- 
mation the users require from them. If less 
skilled labour were used on cataloguing with 
present methods, would the loss of benefit due 
to an increase in errors and inconsistencies in 
the catalogue outweigh the gain in benefit from 
having knowledgeable labour available for user 
services? If a simplified finding list were 
used, would the loss in benefit due to less infor- 
mation in the catalogue outweigh the gain from 
releasing labour for other uses? These questions 
require some bravery to answer, because many 
types of catalogue error are cumulative: the 

errors do not spoil just this year’s entries, 
tut those of all succeeding years as well, 

(For an approach to the problem that ignores 
some of the qualitative aspects, see Butterworth, 
1969, pp 43-55.) 



2. The woolly national organisation of Arts and 
Social Science literature means that an inter- 
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library loan costs over twice as much as for science. 

This woolliness accounts for part of the difference in 
demand for loans from academics. In the Arts/ Social 
Science library one out of five ILL prove unobtainable, 
in the Science library only one out of 90. 

3. The difference in cost between a purchase and a 

loan is £3.6 for Arts/Social Science and £3.9 for 
Science. If it seems to be the case that an academic 

is asking for a book to be purchased which will be 

used only once, then It is worth a librarian spending 
an hour trying to persuade him to borrow the book 
rather than buy it. The result would be more time 
for user-services, less call on the budget and a longer 
period before a new library becomes necessary. 

4. If library users are aware of all costs and consider 
themselves responsible for them, their decisions imply 
that 11 loans are worth one purchase in Science* and 
five loans are worth one purchase in Arts/ Social Science. 
We wonder about this, and pursue the line of reasoning 

in the next chapter. 
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CHAPTER 3 



3.1 



MAXIMISING THE BENEFITS FROM EXISTING LIBRARY RESOURCES 



The usual approach to information problems is to 
find out the needs of students/ teachers/ re searchers 
and then attempt to provide for these needs as 
cheaply as possible. This has the merit of 
treating the present members of an organisation 
as the more important. It takes into account 
the fact that the reproduction of research find- 
ings is far cheaper than their production. In 
practice it does not work very well, partly 
because the needs are difficult to discover, but 
also for other reasons. 

Most organisations, and universities in particular, 
are severely limited in their actions by decisions 
taken in the past. A university library has a 
building, a book-stock and a team of skilled 
workers. None of these resources can be changed 
significantly on a month-t o-month basis. Of course, 
small re-arrangements to the building are possible; 
proportionately small additions to the collection 
of monographs and serials occur continuously; 
there may even be some change in staff. However, 
an expansion of student s/ teachers/ researchers 
which necessitates a new library is a major top- 
level decision within the university. So is a 
change of fields of study large enough to render 
the existing bookstock useless. All this 
suggests that an alternative approach may be 
worthwhile, Instead of taking needs as given 
and finding how to meet these needs at minimum 
cost, we can take resources as given and find 
out how to maximise the benefit from these 
resources . 

The "needs" approach requires a continuous re- 
arrangement of the fruits of the past to ease the 
research of the present. The "maximising" 
approach requires some adaptability by present 
researchers in order to gain from the fruits of 
the past. Perhaps the latter is equally realistic. 
If one is presented with an island of seagulls 1 
droppings one can hold one’s nose or one can find 
the nitrogen content, but the clever man will do 
both. 

This chapter is about the "maximising" approach. 

It does not pretend that this is superior to the 
"needs" approach, but rather a complement of it. 

The "needs" approach is essential for long term 
planning; the "maximising" approach seems 
preferable for month-to-month planning and it 
yields some insights into the preferences of 
library users which may contribute to an under- 
standing of their needs. 

In Part I a library in fairyland is discussed 
in some detail. This unrealistic but simple 
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example allows many of the principles of linear 
programming to be outlined, and some illustrations 
of the usefulness of the technique are given. 

The approach is seen to .rely upon a knowledge of 
the relative importance of the different library 
activities and two methods of measuring this are 
proposed in Part II. 

In Part III the method is used on a real example, 
the Arts /Social Science Library in the University 
of Durham. The implications of changes in 
users 1 preferences , or changes in the resources 
available, or changes in library technology can 
be assessed by a few seconds 1 time on a computer. 

I A library in fairyland 

This library engages in two activities % answering 
queries and lending books. There is no shortage 
of book s and no shortage of space. The only 
resources that are scarce are three different sorts 
of labour: senior librarians, junior librarians 

and clerical labour. The problem facing the 
library is to decide how much of these two 
services it should provide each day, given 
that resources are limited. The Library is 
.motivated to find the best combination because 
it receives 7 shillings per query answered and 
10 shillings per loan, and it wants to maximise 
profits. (The prices are an indicator of the 
strength of demand for the services. Where 
they came from is another matter! We can assume 
for the moment that there are .many libraries 
competing with each other, but: in P^rt II this 
assumption will turn out to be unnecessary . ) 

First the maximum amounts of querd.es and loans 
which the library could produce are found. 

This involves finding how much of each resource 
is available and how much of each resource is 
needed to produce one unit of each activity. 

There are 980 minutes of seniors 1 time available 
each day, and it takes 11 minutes of this to 
contribute to the answer to one query and 2 
minutes to contribute to the provision of one 
loan. The constraint on library activities 
imposed by the shortage of senior librarians 
can be described as 

11 Q + ? L ■= 9 80 

when the numbers refer to minutes of seniors 1 
time, Q is the number of queries answered in a 
day, and L is the number of loans made. The 
total commitment must be less than or equal to 
the total available. Both junior librarians 
and clerks are also needed before the activities 
are completed, but the constraint imposed by only 
the shortage of seniors is illustrated in Figure 1, 
Any point outside the triangle is impossible 
because of the way the problem is defined. Any 
point inside is inefficient because with the 
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relationship as given more could be produced. 

Only on the borders of the triangle is production 
both possible and technically efficient. 

There are 400 minutes of juniors ! time available 
each day; it takes 3 minutes of this time to 
contribute to answering a query and 5 minutes 
for a loan. There are 100 minutes of clerks' 
time available each day; it takes one minute 
of this to contribute to a query and one minute 
for a loan. All this can be summarised in 
Table 1. 

, Table 1 



Resource 


j Amount 

j Q 


needed per unit of i 
! L 1 


Amount 

available 


Senior 


1 

1 11 


j 

i 


r 

\ 2 ! 


980 


Junior 


' 3 


t 


i 5 j 


| 400 


Clerical 


! 1 
j 


j 


| 1 ! 

r l 


1 100 



In Figure 2, the three constraints are shown. The 
border oabcd encloses the possible combinations 
of Q and L. This area, including its boundary, 
is the set of production possibilities. Points 
to the north-east of ab are impossible because 
there is not enough clerical labour, of be 
because of insufficient junior labour, of cd 
because of insufficient senior minutes. Points 
west of oa and south of od are meaningless 
because negative quantities of Q and L are 
impossible . 

Since the library receives 7 shillings for each 
query answered and 10 shillings for each loan, 

..the total revenue will be 7Q + 10L. The next 
fable shows the combinations of Q and L represented 
by the corners of the set of production possibi- 
v.lities (all numbers are rounded down) and the 
revenue which results from this combination. 





! Q ; 


l •; 


Revenue 


a j 


I o ; 


80 l 


800 


b ! 

! 


50 

' j 


50 | 


850 


c j 


86 j 


13 


732 


d 1 

1 


j 89' i 

* 


o 1 

9 


623 


economically ef f ic ient 


combinat ion 


is at b , 



when the library answers 50 queries and provides 
50 loans each day. 

A change in demand 

Suppose that the community served by the library 
now contains an increased number of technologists 
so that the demand for the query answering service 
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increases. The prices of queries goes up to 11 
shillings and the price of loans stays at 10 
shillings. The library is now trying to maximise 
the revenue function 11Q + 10L. When Q - 50 
and L = 50 the revenue increases from 7Q + 10L 
= 850 to 11Q + 10L - 1050 shillings. However 
the ratio of prices has now changed. When this 
happens the library hunts around for another blend 
of activities to see if a reduction in L and an 
increase in Q would be worthwhile. At c, in 
Figure 2, 11Q f 10L ~ 11(86) + 10(13) t .1076 , 
so the new blend is more profitable at the new 
prices, and the new economically efficient 
combination is now at c, where the library answers 
86 queries and provides 13 loans each day. 

In Figures 3 and 4, the two revenue functions 
are illustrated. (These functions are known 
as objective functions.) Each function is a 
family of lines of equal slope, and the choice 
of which blend of activities to produce depends 
on the slope. Note that the slope depends on 
the ratio of prices rather than on the absolute 
prices. The price ratio shows how the commu- 
nity would be prepared to swap one activity 
for the other, and this is all that is needed 
in order to decide what blend of activities to 
produce from given resources. The total profit 
is useful in order to decide whether to expand 
or contract the library as a whole *, it shows 
whether resources are better used in the library 
or rather in other organisations in the community. 
This difference between relatives and absolutes 
becomes very important when we descend from 
fairyland . 

An increase in resources 



An increase in clerical time available from 100 
to 112 minutes a day allows the production possi- 
bilities to be increased to Q = 83 and L 29. 

In Figure 5 the increased level of this resource 
is shown by the dotted line. At the point f 
all three types of labour are used .fully, as 
shown by the meeting of the three lines. No 
type of labour is a bottleneck and none is idle. 
If trained labour could be hired easily, or if 
labour could be fired easily without leading to 
insecurity, this position could be achieved by 
trial and error. In practice many libraries 
do seem to be near this point except during a 
period following some major change. 

A more flexible labour force 

Both clerical workers and junior librarians 
require a short training period and a similar 
background of general education. If there 
were more flexibility between these two types 
of labour they could be considered as one type. 

In this case the two constraints could be 
merged into one constraint. 
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3Q + 5L - 400 i < 

Q + L - 100 5 become 4Q + 6L = 500 

Figure 6 shows the new single constraint as a 
dotted line replacing the two constraints, one 
for juniors and one for clerks. Provided 
production occurs at b , this increased flexi- 
bility does not allow any increase in production. 
However, as soon as demand conditions change 
so that a movement away from b is justified* 
the flexibility leads to a greater output than 
would be possible when the old division of 
labour applied. The dotted line is less 
constraining than the old ab, be constraints 
except at the point b. 

A change in technology 

A new aid to information work allows a reduction 
in the amount of senior and junior librarians* 
time required to answer queries. If the inno- 
vation were adopted the seniors would need to 
spend only 9 minutes per query instead of the 
11 needed at present; the juniors * time per 
query would be reduced from 3 minutes to 2 . 

How can the effects of the aid be calculated 
to find out whether the innovation is 
profitable enough to justify the costs of 
adopting it? 

The present set of production possibilites was 
given by: 

11Q + 2L - 980 minutes of senior librarians* time 

3Q + 5L = 400 minutes of junior librarians* time 

Q + L = 100 minutes of clerical time 

If the new aid were adopted, the production possi- 

bilities would become: 

9Q + 2L - 980 

2Q + 5L - 400 

Q + ' L = 100 

VJhen the prices were 7 shillings for queries and 
10 shillings for loans, the most profitable 
combination of activities was shown as point b, 
but at this point all of the time of the senior 
librarians was not used up. Therefore any 
further saving in senior librarians* time would 
be worthless. 

However the saving in juniors* time would allow 
an increase in production. This increase would 
be very much more marked if the amount. of clerical 
minutes available were increased at the same time 
that the innovation was adopted. Removing one 
bottleneck often creates another which in this 
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case is far cheaper to remove . 

The new aid becomes more profitable if the price 
of queries increases to 11 shillings* so u* 
might be worth while adopting the innovation 
in anticipation of an increased number 1 of 
library users who were technologists. The 
profitability of the innovation depends on which 
set of prices prevails and how much clerical 
labour is available. 

In a situation where a number of different 
policy changes are possible, the various out- 
comes can be calculated and tabulated as in 
this example; shown in Table 2. 

Table 2 



: Old technique New technique 



Clerical 

time 

avail- 

able 


Prices 

in shillings 

i ; 

; of q ; of l 


Optimal. Revenue' Optimal 
blend shill- blend 

Q ' L r ings ■ Q .L 


Reven 

shill 

ings 


100 


j 7 


! 10 


50 


: \ 
I 50 ! 


850 


J 3 3 j 6 6 


89i 


112 


7 

i 


10 

\ 


83 


> 29 ! 


8 '/l 


i 54 | 58 

: ] 


95 8 


100 


i 

11 


i0 


86 


t * 

' 13 ; 


1076 


j ' 

! 1001 0 
! 


1100 


112 


i 

J 11 


; io 


•' 83 


■ 29 ' 


1203 


i 

, 1 0 6 j 4 


1 2 2 8 


Obviously 


the revenue 


is 


greate 


r the more the 





resources, the higher the prices and the more 
efficient the technique, but a knowledge of the 
direction of change is not enough. Only numbers 
can tell us whether the revenue is sufficiently 
greater to justify the cost of increasing the 
resources or adopting the new technique , and the 
numbers needed are those revenues which result 
from the optimal blend of activities. The 
optimal blend is found from the ratio of prices; 
the revenue is found from the cardinal value of 
each price , the money value of each unit of 
output , 

If is the money value of each unit of output 
that will prove to be the problem in this chapter* 
Table 2 Illustrates the sort of situation that 
could arise. The zero in the penultimate 
column shows that with certain price ratios no 
loans will be offered because there is more 
revenue to be had by devoting all resources to 
answering queries. When we descend from fairy- 
land to the university we shall be dealing with 
a situation where most loans are provided by 
the main library. If the university library 
switched all resources from providing loans to 
answering queries there would be a clamour from 
users, but this is just to say that their idea 
of the value of loans given up is greater than 
the values of additional queries answered, and 

/ . 
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this happens because the price ratios would 
change as the quantities provided change. (In 
fairyland che mathematics are kept simple by 
assuming many alternative sources of supply 
for loans.) The examples in this part are 
given to show the many uses to which a linear 
programming approach can be put if the prices 
are known. Unfortunately the university is 
not a market economy and there are no prices, 
so the university cannot use quite the same 
methods of planning that were appropriate in 
fairyland. In Part II a way of assessing 
price ratios is given, and in Part III some 
ways of adapting the technique are suggested. 

II Planning without actual prices 

Let us suppose for the moment that we know the 
range of activities that the library could have 
produced; we know the actual blend that the 
library did produce, and we know that the library 
was economically efficient. Under these circum- 
stances can we deduce the prices that must have 
been prevailing at the time? 

In the terms of the example of Figure 2 , if we know 
the production possibilities and if we observe 
that production occurs at b, can we deduce the 
prices?'. At least' we know that if b is the 
economically efficient combination, then the 
slope of the objective function must be on or 
between the slope of the constraint ab and the 
slope of the constraint be. New ab ^.s the 
junior librarian constraint ? 3Q + 5L ~ 400, whose 
downward slope is ^/5; and be is the clerical 
constraint, Q + L = 100, whose slope is 1. 

Therefore the objective function has a slope 
of between 3/5 and 1. But this slope gives 
the price ratio. It tells us that if the 
price of a loan is one unit, then the price of a 
query answered is between 3/5 and 1 units. 

Alternatively, we might observe that production 
occurs at c. This is where the clerical con- 
straint be meets the seniors constraint cd. The 
slope of the clerical constraint, Q + L - 2-00, 
is 1, and the slope of the seniors constraint, 

11Q + 2L - 980 is 11/2. The slope of the objective 
function must be between 1 and 11/2. So 4 f the 
price of a loan is one unit the price of a query 
answered is between 1 and 11/2 units. 

At least this method sets a limit to the range 
of price ratios. In some circumstances this 
range can be quite narrow and can give close 
approximations to the relative importance of the 
library activities. If a library is efficient, 
and if the formal and informal * communication systems 
within a university are functioning properly, then 
observation of the library allows numbers to be 
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put to the relative value of the various library 
activities. These numbers are relative rather 
than absolute, but they provide sufficient infor- 
mation to allow library planning to take place. 

(More complicated examples can be solved using 
trigonometric techniques.) 

Most people seem to find the idea of swapping 
easier to understand that! the idea of pricing, so 
discussion is more likely to be informative if it 
is conducted in terms of swap-rates rather than 
price-ratios. (A swap-rate is the inverse of a 
price-ratio. If the ratio of the price of Q to 
the price of L is 3/5 - 0.6 > the users are prepared 
to swap 5/3 •= 1.66 of Q for one of L, or about 
1 7 for 10 . ) 

In many cases the range of ratios is so large as 
to be unhelpful. This is particularly so in the 
example given in Part III because of the method 
of measuring the production possibilities which 
we have used. There are no complete figures 
available which give the relationships between 
resources and activities in "best", or "average" 
libraries, so we have taken the figures which 
we calculated for the sample library. Since 
most resources were not idle, the observed blend 
of activities looks similar to the point f in 
figure 5: most of the constraints go through 

the same point. But under these circumstances 
the range of ratios is at its greatest. An 
alternative approach will be shown to be more 
precise, although it does need more data. 

Using economic theory to interpret past decisions 

The university library Is a major supplier of infor- 
mation services within the University. With any 
one of the services that the library supplies, the 
benefit will increase quite rapidly at first as 
the service passes the threshold of awareness of 
users and as the users come to feel able to rely 
on the service and assess it. If the service is 
expanded further the benefit from it will continue 
to increase, but less and less quickly. In some 
cases a service could be expanded to a level where 
users are over-loaded with information and the 
total benefit from the service actually decreases. 

The crucial variable Is the benefit obtained from 
the last unit of the service, the marginal benefit 
(see Figure 7). Although crucial, this variable 
is not known. However, it can be imputed by 
examining the way in which costs are incurred in 
the library. 

Over a period of a year or two the library has the 
opportunity to adjust the amount of many of the 
resources which it has available. In the previous 
section we had assumed that these were fixed 
because we ware dealing with only short periods of 
time. The total of the resources will depend on the 
size of the budget, but the mix of resources will 
change as demand conditions change and call 
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for changes in the blend of activities. Since 
the library knows the cost of these resources 
and has a fair idea of the amount of each 
resource that is needed to produce a unit of 
each activity, it also knows the cost of a unit 
of each activity. (In economic jargon, these 
costs are medium-run average variable costs and 
we assume here that they are close approxima- 
tions to short run marginal costs. In cost 
accountancy terms, they are unit costs which do 
not include any allocation for overheads.) 

An efficient library will adjust the blend of 
its activities in such a way that £1 worth 
of resources devoted to one activity could 
not give better value if it were devoted to 
another activity. If the library is trying 
to get the most from a limited budget, it will 
continue to expand a particular library activity 
until £1 of budget could be better spent on 
increasing another activity. But this is to 
say that the librarian (or rather the complex 
committee system that decides such matters) 
has an intuitive idea of the benefit to be 
obtained from the last unit of any activity 
that is provided. We are assuming that the 
marginal costs of, and the marginal benefits 
from, the activities of the library are known. 

(In Part III a test of these assumptions is 
given and they pass, so read on!) 

Suppose that the marginal corf of activity x is 
ten times the marginal cost of activity y, and 
the librarian is allocating variable resources 
efficiently. In this case the librarian must 
judge that the last unit of activity x is worth, 
to the community served, ten times as much as the 
last unit of activity y. The ratio of marginal 
costs equals the ratio of marginal 'benefits. 
Writing MC for marginal costs, MB for marginal 
benefits, and subscripts x and y to denote the 
two activit ies: 

MC MB 

x x 

= MB” 

y y 

Rearranging and generalising to more than two 
activities : 




MC “ MC MC 

x y z 



where k is some constant. So MB X = k.MC x and the 
value of the last unit of each activity can be found 
by multiplying the marginal cost by k. (The 
theoretical problems involved in the concept of 
marginal benefit are discussed in Appendix 4,) 

Because the library is a major supplier, the 
marginal benefits will change as the levels of 
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the activities change. However, it is reasonable 
to assume that in most cases the change in marginal 
benefit will be small for small changes in activity 
levels. If we start by assuming that the marginal 
benefits stay constant, we can proceed with some 
useful analysis and then relax the assumption 
later . 

Writing x, y, z as subscripts to denote which 
activity, and as variables to denote the level 
of the activity, we can compare two different 
blends of outputs by comparing two different 
numerical values of x, y, z in the following 
expre s sion : 

MB . x + MB . + t MB .2 

x y z 

which is the same expression as: 

k.MC . + k.MC . y + f k.MC ..z 

xx y J z 

Therefore small changes in the blend of library 
activities can be assessed by using the expression: 

MC . x + MC . y + + MC . z 

x y 7 z 

since this is the objective function as used in 
Part I. The k can be omitted, because only the 
ratios are relevant. 

The reasoning can be reversed. If the marginal 
costs are known, the ratio of marginal benefits 
can be imputed from these, and we can then describe 
how decision-takers seem to be valuing the 
library 1 s activities. 

Ill Application' to the Durham Arts/ Social Science 
Library 

(See Appendix 6 for a description addressed to 
librarians . ) 

Assessing the relative importance of library 
act" ivity 

The choice of library activities to be considered 
depends on the sort of problems which are relevant 
to short-term planning. Our choice was influenced 
by problems such as: What is the relative importance 

of an inter-library loan compared with purchasing 
a book? How important are user-services compared 
with other activities? 

The classification of activities must be done in 
a way that is mutually exclusive and allows quanti- 
fication. It need not be exhaustive although the 
list below does cover the major activities at 
Durham. The choice of activities was governed 
by the following reasoning. The most expensive 
activity is increasing the stock. Compare this 
activity with others which are substitutes. 
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particularly inter-library loans. Some activities 
complement these, so consider also the complementary 
activities of user- service s . However, resources 

which ai’e devoted to this group of activities may 
result in a reduction in the activities which are 
concerned with the actual use of the library 1 s 
existing bookstock, so consider these also. The 
list gives those activities which were considered 
togetner with the units of measurement. The 
code letters are provided to aid cross-reference 
in the tables. 

I Increasing the stock, measured in number of 
items added during the period considered 
(the 9 weeks of the Summer Term, 1968). 

OILL Obtaining inter-library loans , number of items. 

LML Providing library materials for consultation 
in the library , number of user-hours spent 
u s irTg library material. 

LL Issuing items on .long loan (2-week recall), 
number of items issued . 

SL Issuing items on short loan (4-hour or 
overnight), number of items issued. 

US Senior librarians giving advice to users , 
number of hours spent on this activity by 
senior librarians . 

UJ Junior librarians helping 'users , number of 
hours spent by junior librarians on this 
activity . 

For other problems a different or a more detaileu 
classification of activities may be appropriate. 

The resources which must be taken Into considera- 
tion include all those which limit the expansion 
of library activities. One very peculiar 
omission from the list of resources is the book- 
stock. This is because we are considering as 
activities the various ways in which use can 
be made of the existing bookstock, combined 
with one activity for keeping the bookstock up 
to date. The list of resources is given below. 

S Senior librarians , man -minutes available 
for the listed activities during the time 
period under consideration (9 weeks). 

J Junior librarians , man -minutes 



C Clerical staff , man-minutes 

P Porters , man-minutes 

The budget ’ available for purchasing books, 
m shillings. 

Seats , seat-hours, being the number of seats 
times the hours that the library is open- 
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Shelving , spare shelving, in feet. 

The resources required per unit of each activity 
and the total resources available are given in Table 
3, which is similar in lay-out to Table 1. 



Table 3 
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j 

Seats 
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1 


0 • 0 j 83600 


j 

Shelving j 


| 0.1 


0 


; 0 


: o 


0 


\ 0 j 0 | 14000 



Table 3 yields most of the information needed to 
calculate the marginal costs. In practice only 
the budget and the various types of labour can be 
varied in the medium run. A decision markedly to 
increase the number of seats or shelves involves 
building a new library and is therefore a long- 
term decision. Since the budget Is already 
measured in money terms , only the different hourly 
labour costs need to be found in order to calculate 
the marginal costs of the different activities. 
However, Table 3 does not given even an approximate 
picture of the production possibilities of the 
library. In mathematical terms, each column 
represents a variable; the rows could represent 
an equation, but only if all the resource is used 
up during the period. In practice the last two 
rows are not equations but inequalities. This 
shows us that the problem is not yet properly 
defined . 

There are a. number of additional constraints which 
in practice are limiting the production possibi- 
lities of the library. The various resources may 
be more limiting than our figures show. Senior 
librarians may be more specialised than our 
classification has allowed: some are cataloguers, 

some specialise in user-services, and it may be 
difficult to change from job to job. If all the 
shelving were to be used up during this period 
there would have to be a new library at the 
beginning of the next period if new stock were to 
continue to be brought in; but the amount of 
shelving available during the present period depends 
on the investment plans of the university, which 
depend in turn on the metaphysics of the U.G.C. 
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Apart from the resource constraints there are also 
demand constraints. The library may be able to 
provide more of certain activities but the rela- 
tively small population of users may not want 
such activities beyond a certain level. In an 
institution which engages in teaching and research 
the fact that users do not want certain activities 
beyond a certain level is no1 ! : the same as saying 
that the marginal benefit of these activities is 
zero, because the marginal benefit is an assess- 
ment made on behalf of the institution as a whole 
and not by individual users for themselves. Most 
of us feel that everyone else should use the 
library more. 

In order to postpone consideration of these diffi- 
culties but also to convey the impression that 
certain activities of the library are so important 
that they must be made available in all circum- 
stances, we impose three demand constraints on 
the problem. These state that the number of long 
loans (LL) and short loans (SL), and the number 
of hours spent by users using library material 
in the library (LML) must be greater than or 
equal to the levels which actually occurred during 
the period. This completes the set of production 
possibilities . 

Note that our problem at the moment is to find 
measures of the relative importance of library 
activities. To do this the actual levels of 
these activities are data. It is only after 
we have- these measures that we can plan ahead to 
find the effects .of changing the levels. There- 
fore it is not tautologous to take what actually 
occurred and deduce from this the measures of 
relative importance . 

Table 4 gives in the first row the marginal costs 
in shillings of the activities. The method of 
calculating these costs is given in Chapter 2, and 
the theoretical implications are discussed in 
Appendix 4. (We used 8.8 shillings for the 
hourly rate for juniors, 10% higher than the actual 
rate because all the symptoms of a wage rate below 
equilibrium were present, and librarians were 
treating the cost of juniors * labour at what they 
expected it to be in the near future.) The second 
row gives the levels of the activities that would 
be predicted by using the marginal costs as the 
weights in the objective function (these weights 
are used in the same way that the pricec were 
used In Part I); this is a calculation performed 
by the computer. The third row gives the observed 
levels that the library did produce. 
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Table 4 
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As a first approximation this is reasonable. 11: 
seems that an intuitive idea of marginal costs 
could influence librarians in the way they allocate 
resources. Unfortunately we were particularly 
interested in comparing the values of additions 
to stock (I) with inter-library loans (OILL) and 
the difference between predicted and actual is 
marked here. 

Table .5 shows the weights on the objective function 
which result in the calculations yielding the 
same levels of activities as the observed levels. 

In the second row of Table 5 these' same weights 
are expressed in terms of the value which is placed 
on one hour of a senior librarian’s time. The 
ratios of the first and second rows are the same, 
and either row would yield the same result when 
used in the calculations. 

Using the swap-rate’ 1 method outlined in Part II, 
the third row of Table 5 expresses the information 
of the other rows in terms of the number of units 
of each activity that the organisation is prepared 
to swap for one addition to the stock. For example, 
the figures under I and US imply that if the 
university were presented with a choice between 
one addition to stock and four hours of skilled 
user-services, it would choose the reader services J 
if the choice were betiveen one addition to stock 
and three hours of user-services it would choose 
the addition to stock; a choice between one addition 
and 3.4 hours would leave the university indifferent. 
The comparison between I and LML will be particularly 
interesting to the teacher. 

Taole 5 
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Table 5 gives different ways of comparing the values 
of the library’s activities, values to the univer^ 
sity which have been obtained by studying the actual 
results of the decisions taken by the system of 
committees. A first approximation to the figures 
was found by using the marginal costs of the 
activities, but the figures given in the table 
are not costs: they are figures showing the implied 

relative benefits of the activities. Strictly, 
we should state that the library is behaving 
as if these are the relative benefits of the 
act Tvit ie s . Certainly we should take any 

opportunity to check the conclusions with the 
decision-makers concerned . 

So far we have been involved in the measure- 
ment of output, production relations, and the 
relative importance of activities. For this 
last a technique had to be developed to make 
explicit what previously had been left implicit, 
but we emphasize that we have only been measuring, 
not explaining or prescribing. Of what use are 
these measurements for estimating the effects 
of library decisions? In the final sections of 
this chapter they are used to show the implications 
of adopting an innovation and to suggest which 
resources of the library should be increased if 
expansion is necessary. The next section suggests 
some reasons why the weights might be changed. 

The Relative Importance of Library Activities 



It is extremely difficult to judge ex ant e the 
relative worth of different information services. 
The difficulty becomes greater when the service 
caters for a small organisation because many of 
the demands placed upon it appear to be too random 
for decision-takers to form clear expectations 
of the value of the service. For this reason 
we have taken the backwards approach of finding 
out what people do and drawing inferences from 
this about (people’s opinions on) the relative 
values of the different services. 

In this chapter we have studied seven different 
services. Any one of these can be compared with 
another, giving twenty-one possible pairs. To 
ask people how and why they prefer one member of 
a pair to the other would be a formidable task, 
would stretch the patience and interest of library 
users to breaking point, and might yield very 
different results if repeated. Nevertheless, 
participants in a committee system do have to 
make decisions such as these continuously . One 
of the reasons why their mistakes are so often 
forgiven is that they relieve others of the cost 
of decision-taking. 

We give below a few examples of the type of 
reasoning which might occur when different library 
activities are being compared. The pairs of 
library activities can be divided into two broad 



3.16 



categories, complements and substitutes. For 
complementary pairs, one enhances the value of 
the other. For substitutable pairs, one could 
replace the other although they ax'e not necessarily 
perfect substitutes; one may be of less ^alue 
per unit than the other but substitution may allow 
so many more units to be produced that the total 
value is greater. Substitution should not be 
interpreted as sacrificing quality on the altar 
of cheapness. 

In Table 6, the pairs of activities are shown. 
ff S ff suggests strong substitutability, u s tf weak 
substitutability, and "C" complementarity. 
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Purchase or borrow ? One would expect that increasing 
emphasis wi 1 1 be~ placed on borrowing rather than 
purchase, as book prices increase and as the national 
lending facilities improve. Generally the emphasis 
will depend on the experience of many individual 
users. In each case the decision rests on a number 
of factors ? 

1. Is the title both purchasable and borrowable? 

2. What are the comparative costs? A book 
purchase is more expensive both in the amount 
of budget and sen: yr librarians 1 time. 

Using simple cost* gs a purchase costs £4.5 
compared with £0.9 for a loan, but these are 
average figures and individual items will vary 
around this mean. If a typical book is 
expected to be used more than five times 
during the planning period, then purchasing 

is apparently cheaper than borrowing, but this 
ignores the cost of housing the book. The 
appropriate planning period for a decision 
of this type would be five years rather than 
the two-year period we have used for some other 
decisions. The short two-year period is 
forced on the library by lack of estimates on 
the future, but a quinquennium is more suitable 
when possible. 
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3. What are the delay costs to the user? For 
physical scientists the two-day delay in 
obtaining a loan from the National Lending 
Library may be too long, but some users may 
feel that a wait of months before a loan 
arrives via the regional system is quite 
satisfactory. Because of the costs to 
users incurred by delay, a purchasing policy 
has to anticipate the needs of users to 
some extent. (For the dangers of attempt- 
ing to anticipate these needs entirely, see 
Appendix 2 . ) 

4. Is there a third choice? Often the cheapest 
and most fruitful solution will be to finance 
the user on a trip to another library. 

In Table 6 the C f s in the first column remind us 
that future use of the library (LML, SL , LL) 
depends on the present purchasing policy, and 
that liaison between users and senior librarians 
(US) will improve a purchasing policy. 

Long loan, short loan, or confined books ? We have 
not studied loan policies in this project. (For 
easily applied decision rules, see M.K. Buckland 
and A. Hindle, ’’Loan Policies, Duplication and 
Availability” in: Lancaster Seminar on Planning 
Library Services . Lancaster University Library. 

In Press, expected September 1969.) 

Senior or junior lib ’ 1 arians ? User- service s , 
whether from senior or junior librarians, will 
enhance the value of the other activities of the 
library. Information services by senior 
librarians can reduce the emphasis placed on some 
of the activities of the library (see Chapter 7). 

At the time the survey of library resources was 
carried out there were no Senior Library Assistants 
in the - Arts/ Social Science library. In pay and 
qualifications this category of labour comes between 
what we have called "senior" and "junior" librarians. 
Because of the large gaps in qualifications between 
seniors and juniors there is only weak substituta- 
bility between them. This weakness is enhanced 
because the wage scale of juniors is below the 
equilibrium, and the resulting high turnover does 
not allow them to develop a detailed knowledge 
of the workings of the library. Employing in 
addition the more adaptable grade of Senior 
Library Assistant allows a greater degree of 
substitutability between different types of labour, 
and this would be reflected in the evaluation of 
user services. A new activity could be intro- 
duced, user services from "middle” librarian (UM) , 
and the values of US, UM and UJ could be compared. 

The value placed on one particular activity depends 
on the levels of other activities. Decisions 
will be based on judgment of the needs of the 
particular library at the particular stage of its 
expansion. There are no rules which are applicable 
to libraries in general. However, the methods 
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given here show how the many facts and opinions 
which increase or reduce the evaluation of the 
activities can be marshalled into a coherent and 
discussable argument . 

Changing the technology 

At the moment of writing, Newcastle University is 
developing a method of automating the ordering 
and accessioning procedure (inevitably, cataloguing 
and classification remain traditional) . The new 
method will reduce the amount of labour required 
for the activity "increasing the bookstock" (I). 

We guess that the amount of senior librarians 1 
time needed will be reduced from 72 minutes per 
item to 60 j junior librarians 1 time will be 
reduced from 18 minutes to 9} clerical workers' 
time will be reduced from 18 minutes to 6. What 
would be the effects of introducing this innova- 
tion? 

The first reaction to such a proposed improvement 
in library technique is to assume that a greater 
increase in the bookstock will be possible than 
is the case at the moment. However, the library 
is not only constrained by labour but also by 
the budget available for buying the books. The 
production possibilities are similar to those 
shown in Figure 5 at the point f: removing one 

constraint on expansion leaves others which are 
equally constraining. The problem is to know 
which resources to expand in order to make the 
best use of the innovation. 

One alternative to expanding the resources would 
be to increase the flexibility of the labour force 
by giving similar training to juniors and clerks. 

An easier method is to assume that hiring and 
firing *of juniors, clerks and porters are relatively 
simple and to give to the librarian discretion 
to spend the budget on both books and non-graduate 
labour. This means that the budget is raised, 
but not the cost to the university. Each activity 
that previously used* up the resources of juniors', 
clerks' and porters' time now uses up a proportion 
of the budget , 'the precise proportion determined 
by the hourly cost of these different types of 
labour . 

Table 7 sets out the proposed changes. In column 
two the present resource requirements for one unit 
of I are shown. In column three the requirements 
are shown if the Innovation were to be adopted. 
Column four shows the new requirements when the 
different types of non-graduate labour are treated 
as a straight cost. 
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Table 7 
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Column three 


Column four 




Present 
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Post 
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Non-graduate 
labour as a 
i money cost 


Seniors 1 time 


72 


60 


60 


Juniors 1 time 


18 


9 




Clerks* time 


18 


6 
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Budget 


55 . 6 


55. 6 


57.4 



Assuming that all the activities except increasing 
the bookstock (I), user-services by senior librarians 
(US) and by junior librarians (UJ) must be at least 
at the level they were at before,’ and assuming that 
the relative importance of the different activities 
stays the same (see Table 5), the new techniques 
yield the increases in levels of output as shown in 
Table 8. 



Table 8 
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The benefit from the innovation consists of an increase 
of 394 inter-library loans and 278 hours of user- 
services from graduate librarians. Of course , the 
gain in practice is in the capacity to provide these 
services: users still have to want to use them. 

Under the old technique these additional services 
would have incurred short-run costs -of 394(0.9) + 
274(1.2) = £688. Remember that the period to which 
this model refers is one term of nine weeks, so 
during a quinquennium the saving would be well over 
£10,000. More accurate costing would be necessary 
if the costs of adopting the innovation were of 
the same order of magnitude. 

If the calculations show that a change of plan results 
in an obvious improvement, the blend of activities 
recommended provides a convenient method of planning 
the allocation of staff within the library. A new 
version of Table 3 is prepared which takes into 
account the changed technology, and staff are allo- 
cated according to the blend of activities which 
are to be produced. 
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Increasing the Resources 

What additional benefit results from an increase 
in a particular resource? If a resource is not 
fully used up there will be no additional benefit 
from increasing it, just more of it will be idle. 
If a resource is constraining expansion, its 
increase can have a variety of different effects 
because of the complicated interaction between 
resources and activities, In a commercial 
situation the additional revenue that would 
result from an increase in a resource can be 
assessed and compared with the cost of increasing 
the resource (as shown in Part I). For our 
library there is no revenue, but there is a 
figure which gives an index of total benefit. 

It will be remembered that the objective function 
described in Part II was weighted by the marginal 
costs of the activities, and these weights 
allowed the ratios of the unit values of the 
activities to be found. If we interpret each 
weight as an inde> of the value of that particular 
activity, we are using the same type of index 
for each activity so we can sum them to obtain 
an index for the total benefit of the activities. 

The units of this index should not be interpreted 
as £s. In practice the index will give a number 
considerably less than the value in £s which the 
university is placing on the activities. (In 
the final chapter of this report we suggest that 
the index gives an amount which is between 
24% and 60% of the university 1 s valuation in 
£s of the output of the library, depending on 
the value which the university places on an hour 
of a graduated time.) 

The index is used in Table 9 to provide a basis 
of comparison of the value of additional output 
which would result from an increase of a resource 
by one unit. Where the resource is not scarce 
the figure Is zero. For this table the units 
of resources are measured in hours and £s since 
these are more appropriate units for visualising 
an increase In the resources (in other tables in 
this part the units were minutes and shillings). 
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The second column of figures shows the index of 
additional benefit resulting from an increase 
in the corresponding resource by one unit, with 
the present technology. Senior and junior 
librarians’ time will be used in an activity 
which will raise the index by 1.2 and 0.44 
respectively. The increased resources will go 
into US and UJ in this case, hence the rise in 
the index by this amount (See Table 5, row 1, 
where 24/- = £1.2 and 8.8/- = £0.44). 

Clerical workers are shown as not scarce, but 
a calculation shows that there is only one hour 
of clerical labour unused. Our observations 
are not accurate to the nearest hour so we can 
only conclude that clerical labour is about 
right at the moment. 

A comparison along the rows shows that the 
increase in the benefit index for the present 
technology is nowhere greater than the cost of 
increasing the resource by one unit. This 
implies that an increase of any one resource by 
itself would result in less increase in benefit 
than an increase in several resources simultan- 
eously (we are at a position like point f in Figure 
5). The final column shows that a different situa- 
tion prevails if the new technique is adopted. Here 
an expenditure of £1.2 on senior librarians raises 
the index by 1.2, but an increase in the budget 
of £1 raises the index by 1.44. There is a greater 
proportionate pay-off from increasing the budget 
than from increasing seniors- 1 time. 

The amount of slack seating availaole works out 
at 2900 seat-hours for the nine-week period. 

When the expansion of library activities reaches 
the stage where it is limited by this resource, 
the particular activity which uses seats (LML) 
will not be able to expand further. In Chapter 
2 , the activity of working in the library without 
using library materials was mentioned. The amount 
of seating available for the activities mentioned 
in the present analysis is the amount left over 
after the requirements of those who use the library 
merely as a place to work have been met. If a 
shortage of seats develops, alternative arrange- 
ments for these users would seem to be the least 
costly method of expanding the number of seats 
available for those wanting to work with library 
materials . 

The amount of space shelving available is 13,850 
feet. Provision of additional shelving may be made 
by introducing a rigorous weeding policy or by 
expanding the library building. Both are expenf 
sive, but the latter particularly so. 

Summary 

1. Find the set of production possibilities of 
the library. Since the library is the major 
supplier of information services, some demand 
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constraints will be necessary in addition to the 
re source constraints . 

2. Use the cost of those resources dhich can 

be varied over a one or two year period to calculate 
the marginal costs. Use the marginal costs of 
the activities as a first approximation to the 
weights in the objective function. Adjust these 
weights until the objective function, together 
with the set of production possibilities, yields 
a linear programming solution that is the same 
as the actual blend of activities produced during 
the period, (This adjustment is simple if the 
print-out contains information on upper and lower 
bounds to the weights.) The calculation makes 
the implicit objective function explicit. 

3. Translate these weights into swap-rates and 
check with the decision-takers. 

4. Use these weights to predict and compare the 
outcomes of possible changes in library policy 
and techniques. 

Obviously this method of library planning has a 
number of disadvantages. It involves concepts 
with which many librarians will be unfamiliar. 

The numerical approach to comparative benefits, 
or the relative importance of library activities, 
implies an accuracy which is not there, and the 
value of approximation is often least appreciated 
by those who are unfamiliar with quantitative 
te chniques , 

However, a first attempt to find measures of 
relative importance is necessarily approximate 
and further experience can increase the accuracy 
of the estimates. The computer print-out 
(using Mathematical Programming System) contains 
a large amount of information additional to that 
mentioned in this paper, and this shows where the 
range of values is wide. 

All the data required for this approach are needed 
anyway for elementary library management problems: 
the time taken by a particular type of labour to 
do a particular job* the cost of a unit of a 
particular activity, the amount of the various 
resources which are. available. 

The method allows library problems to be tackled 
one at a time, but without losing sight of the 
whole complex of library operations and the 
objectives of the library. 
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CHAPTER 4 



•SIMULATION 'OF LIBRARY USER’S' DECISION 'PROCESSES 

In the two preceding chapters we have been concerned 
with the library manager’s view of benefits and costs 
of libraries, and with the development of a model to 
aid him in making decisions about medium-term 
resource allocations. We believe that he already 
implicitly takes into account the benefits and 
costs to the user, but that further information 
about these would be of use to him both as a com- 
plement to the linear programming approach for 
the medium term and as an essential feature of 
longer-term planning for which simple extrapolations 
of current demand statistics are not sufficient 
indication of likely trends. The model described 
in this chapter is a prototype for the benefit 
and user-cost part of a long-term planning model 
which we intend to develop, as outlined in Chapter 
10; if' will also be applicable in shorter-term 
studies , 

The model has been constructed in accordance with 
some modern psychological views of choice and 
learning processes* which view the probability that 
an individual will make a certain choice as being 
determined by his 'current^ subjective. estimate ’of 
its utility to him relative to that cf other 
alternatives, the current estimate being in part 
determined by conditioning through past experience 
and part by the urgency of the target towards 
which he is working when making the choice. We 
describe the model in terms of the choice by an 
undergraduate between working in the library, 
the department or the college; exactly the same 
principles would apply for any type of individual 
making any type of quasi-rational choice 0 

Model' ‘situation 




We imagine that our undergraduate has a timetable 
of lectures, meals, etc, , which determines certain 
fixed places and times in his daily Itinerary 
and schedule, and that he allocates the remainder 
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In the two preceding chapters v;e have been concerned 
with the library manager’s view of benefits and costs 
of libraries, and with the development of a model to 
aid him in making decisions about medium-term 
resource allocations. We believe that he already 
implicitly takes into account the benefits and 
costs to the user, K. : ! that further information 
about these would b • f use to him both as a com- 
plement to the linear programming approach for 
the medium term and as an essential feature of 
longer-term planning for which simple extrapolations 
of current demand statistics are not sufficient 
indication of likely trends* The model described 
in this chapter is a prototype for the benefit 
and user-cost part of a long-term planning model 
which we intend to develop, as outlined in Chapter 
10, it' will also be applicable in shorter-term 
studies , 

The model has been constructed in accordance with 
some modern psychological views of choice and 
learning processes* which view the probability that 
an individual will make a certain choice as being 
determined by hi.s current^sub j ect ive. estimate 'of 
its utility to him relative to that of other 
alternatives, the current estimate being in part 
determined by conditioning through past experience 
and part by the urgency of the target towards 
which he is working when making the choice- We 
describe the model in terms of the choice by an 
undergraduate between working in the library, 
the department or the college; exactly the same 
principles would apply for any type of individual 
making any type of quasi-rational choice 0 

Model situation 



We imagine that our undergraduate has a timetable 
of lectures, meals, etc*, which determines certain 
fixed places and times in his daily itinerary 
and schedule, and that he allocates the remainder 
of his time between work, recreation and sleep 
according to the urgency of the various demands 
upon it* We may regard the decisions about 
the timetable and about the overall allocation 
of untimetabled hours as being made respectively 
each term and each week; our model takes these 
decisions as given, and examines more closely 
his decision each dav about where to spend the 
hours he has allocated to "work” , supposing 



* As expounded, for example, in: 

,r Handbook of Mathematical Psychology”, edited by 
Luce, Bush & Galanter (Wiley 1963) 

"Decision Making", edited by Ward and Tversky 
(Penguin 1967) 

"Textbook of Elementary Psychology", Galanter 
(Holden Day 1966) 
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that there are only thre>* possible alternatives, 
the college where he sleeps and eats, the depart- 
ment where his lectures are given, and the 
library- No distinction is made between different 
subjects or types of work for this simple version 
of the model , though there is no difficulty in 
making such distinctions, the description is 
simpler without them, The benefit measure 
that we suppose to lie behind the decisions 
is related to the number of units of work that 
he expects to do in each place in the time 
available, which may not be the same for each 
place because of differences in journey times 
and in 11 sett ling -down " times- We do not need 
to define "unit of work" , as this is only an 
intermediate non -operational concept which , 
when multiplied by the "utility per work •‘unit" 
determined by the weekly priority decisions and 
adjusted for average expected waste of time, 
will yield the "subjective expected utility" 
actually determining the choice probability - 
It will be the subjective expected utility 
(SEU) of work in each place which we derive from 
inversion of the model, using data about actual 
undergraduate behaviour . 

Simple exam ple 

Suppose the undergraduate has already decided 
to do three hours untimetabled work on a certain 
day, and he is in. process of deciding where to 
do it, and suppose for the moment that his decision 
will be determined with certainty by the relative 
SEU values of the three possible workplaces- he 
will choose the workplace with the highest SEU 
value. The unconscious computation of SEU values 
might be like this' "the rates of working I 
expect to achieve in college, department and library 
respectively are 20, 30 and 50 units per hour , I 
would not waste any time going to the college 
or the department because I have to go there 
anyway for meals and lectures, but I would waste 
half an hour getting to the library and settling 
down to work; as work has a utility to me this 
week of 10 utility-units per work-unit, the SEU 
values are 20x3x10 - 600, 30x3x10 - 900 and 
50 x2 5x10 = 1250 for the total periods available 
in college, department and library" With the 
resulting values, a wholly rational and deterministic 
choice must be to work in the library that day- 

Now suppose that he fails to get the expected - 
amount of work done in the library that day - 
his rate of working turns oat to be 40 units 
per hour and he wastes one hour instead of half 
an hour - this experience will conditi a his SEU 
value for next time, making it 40x2x10 - 800 if 
he lets his estimate depend entirely on this most 
recent experience. The same options next day 
would therefore result In the choice of the 
department, with its SEU value of 900, as workplace. 
His choice has been biassed away from the library 
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by one unlucky experience, and he may never go 
thei'e again, however high his potential produc- 
tivity there may really be, 

We want to invert the model, so that the unknown 
SEU values can be deduced from actual behaviour,. 
One or two decisions, as discussed above, are 
not a sufficient basis for an inversion, but 
if we observed the behaviour' of a whole class 
of 100 undergraduates maJcing decisions in similar 
circumstances we could make some statements 
about their implicit SEU values,- If we found, 
for example, that 50 of them chose to work in 
the library while 50 chose to work in the 
department, we could say confidently that the 
average SEU values for library and department 
were too close to be discriminated, and that 
the average SEU value for the college was lower* 

A probability analysis would enable us to make 
such statements more precisely, as shown 
below; but the point to note here is that 
inversion of a reliable model calibrated by 
actual observations can lead to conclusions 
about implicit criteria* The difficult part 
of the operation is to ensure the reliability 
of the model! 

Decision between' 'alternatives' with given utility 
Values 



Now we drop the temporary assumption of complete 
rationality; the rule we actually adopt for choice 
between two alternatives with subjective expected 
utility values a and b (where a>b) reflects the 
fact that people do not always choose consistently* 
If they did, we could be sure that a would always 
be chosen, but we assume a stochastic choice such 
that the choice of a becomes more likely as 
a~b becomes larger*, We also assume a discrimina- 
tion threshold below which a and b cannot be 
distinguished*. The exact rule used in the computer 
trial runs was that the probability of choosing a 
is a step-function f(a-b) of the form;; 

(0*5 for 0<a~b<20 
f(a-b) = ( ( 0-75 for 20<a-b<80 

(0-95 for a-b> 80 

A diagram of the function is shown in Fig^ 1; the 
numeric a J parameters can be changed, except, that 
f must be a J. unction increasing from 0 5 i:o (less 
than) 1 as its argument increases from 0 to 
infinity. 

Choice between more than two options can be handled 
by simple extensions of this rule : in our model 

there is always a finite probability of choosing 
any of the three places of work whatever the SEU 
values, and if the three are not discriminated 
there is an equal probability of choice for each. 
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We may regard the subjective expected utility u 
as embodying the individual’s subjective estimate 
of the probabilities X, Y, , . , of different out- 
comes of a certain choice, which have utilities 
x , y , . „ . , so that 



u = xX + yY + , , , 

But his estimate of the probabilities is subjec- 
tive and formed from incomplete information; in 
fact, the outcomes will occur with objective 
probabilities depending on the circumstances, 
and . the actual outcomes will affect his future 
estimates and hence his future behaviour. The 
objective probabilities would be determined 
by observing a large number of trials under 
similar circumstances. In our computer runs, 
we have used normal distributions for the objec- 
tive probability of occurrence of outcomes of 
choices; the continuous curve in Fig. 1 is the 
actual distribution P(x) used, P(x) denotes 
the probability that a deviation greater than 
x from the mean, which is the objective expected 
utility, will be observed- 

Conditio’n’i’ng 

Experience will affect the individual’s expecta- 
tions, and it has been found that people almost 
always bias their expectations towards their 
most recent experiences, not usually using 
correctly all the information available to them 
from all past trials. If behaving quite 
rationally, an individual should be trying to 
reconstruct the objective probability distribu- 
tions as best he can, using the deduced mean as 
his SEU value, but he is more likely in fact to use 
a rule of the form "new SEU = m(01d SEU) + (1-m) 
(latest outcome)", with 0<m<l, Quite often 
m is very small, and we have in fact used m=0 in 
the computer runs, with an added restriction that 
the SEU values are not allowed to go beyond certain 
minimum and maximum limits whatever the outcomes 
may be „ 

Note that an alternative with a subjective expecta- 
tion that is too high is likely to, be chosen, and 
hence corrected, while one that is too low may 
never be chosen and ' cnee will remain too low; c;>\, 
ditioning only operates as the result of experience 
Of course, subjective utility estimates may be 
changed also by new information without personal 
experience, but this is a different process not 
at present built into the model. 
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Lay 3 (the L-amlom number ' hosen first must have 
been greater than 94 to prevent the highest 
utility 1188 being chosen, and the second random 
number used +». choose between utilities 9 33 and 
900 must have been greater than 74), and that 
despite the considerable difference in utilities 
between college and department the same number 
of choices wei n e made of each. 

Three further sets of ten 10-day runs are 
summarised in Table 2, which gives only the 
initial and final SEIJ values and choice frequencie 
for each run, plus cumulated frequencies for 
each set of runs, * 

Inversion of computer model 

Each set of runs comprising 100 simulated daily 
choices, the total frequencies quoted are 
immediately comparable to percentage probabilities 
so that we can say, looking at Trial 12, that 
the percentage choice probabilities are 1% for 
college, 25% for department and 74% for library. 
How can we invert the model so that this informa- 
tion, which is all we can actually observe about 
the choice process-, will tell us the SEIJ values? 

Of course, we cannot really say what is going on 
in the minds of the undergraduates, the most we 
can hppe to do is to set some parameters of a 
model which reproduces the relevant features of 
their behaviour* Accepting this interpretation, 
our object in inverting this model will be to 
determine SEU values which will lead to the 
observed choice frequencies when the decision 
rules of the model are used. In the case of 
Trial 12, therefore, we can say very confidently 
that average SEU difference between library and 
department over the 100 trials must have been 
between 20 and 80, because the 74%: 25% ratio is 
the choice function f(a-b) in Fig, 1. Further, 
since on 26 occasions the highest SEU was not 
chosen, we can say something about the SEU 
difference between the other two, department and 
colleges the former was chosen just over 95% 
of the time, so we can say that its SEU value 
must have been greater than that for the latter 
by at least 80- 

We chose an easy case to analyse, where the 
percentages happened to come out the same as 
the steps in the choice function; for other 
cases, such as Trial 9 ( 0% 2 2 1% ; 7 9 % s ) or' Trial 
10 ( 10% : 20% s 70% ) we need more sophisticated 
argument to perform the inversion.. The key is 
our rule than no discrimination is possible for 
utility differences less than 20 ~ if we take a 
crude interpretation of this as being caused by 
a rectangular distribution of width 20 for utility 
differences, to be superimposed on the step- 
function f(a~b), we find quite simply that 70% 
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choice corresponds to a utility difference distri- 
bution centred at 26 (overlapping the first step), 
and 79% choice corresponds to a distribut ion centred 
at 84 (overlapping the second step) VJe can 
then refine our inversion of Trial 12, and deduce 
that if this distribution v:ere used the SEU 
difference producing the 75% choice must have been 
centred between 30 and 70, since it did not overlap 
either step. Returning to Trial 9, we must 
conclude that the college SEU value was at least 
90 below that for the department, while in Trial 
10 the corresponding difference must have been 
centred at 24, since it produced 67% choice of 
the department rather than the college in cases 
where the library was not chosen, 

What we have done is essentially to "smooth off 11 
the steps in the choice function when using it 
for inversion; this could be done better by using 
a more sensible distribution than a rectangular 
one, but is hardly worth doing with these trial 
runs which do not represent actual behaviour 
observations * 

Ex perimental tests’ and 'calibration 

We have a model, and the program is working ; the 
next stage is to make it reproduce undergraduate 
behaviour in relevant respects. We have informa- 
tion from our questionnaires to enable us to do 
this in quite sophisticated models, with many more 
than three options and with multiple activities. 

For the level of model so far programmed and 
described above, we might take global figures of 
undergraduate habits regarding places to vio rk , as 
contained, 'for example, in Table 12 in Chapter 8, 
but it would be more meaningful to break down the 
undergraduate population into classes with common 
proportions of timetabled to untimetabled hours, 
and possibly subdivide further into classes with 
common journey-times * This part of the operation 
has not yet been done, but we intend to embark on 
it shortly, as stated in Chapter 10* 
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Table 2 Three sets of ten 10-day' 'run's' of' NOUS'S 1 
(13 / 6 / 8 9 ’) 
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College. . 
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i 
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— 
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1182 ! 


i 7 i 


: 3 


! 674 ; 


; i 1 


844 


1 1 


12 8 4 | 


i 8 


! 4 


! 539 


! 1 ! 


1 926 


2 i 


1164 


! '? 


1 5 : 


588 ; 


1 1 


936 


2 i 


116 6 ] 


! 7 i 


! 6 


j 342 i 


! 1 ! 


905 


2 ! 


1044 j 
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i 
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1 

L ! 


! 1 
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i 


i 

1 
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In studying this table, it is essential to remember that 
the SEU values are reset at the end of each run 10 the 
initial values for the current trials this is the 
explanation for the single choice ox College in each 
run of trial 10, where it starts with a very high SEU 
value but gets immediately corrected once chosen- 
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